Ionic ligand interactions with the intracellular loop of the sodium-calcium exchanger. Modulation by ATP.
In the last decade, there has been a large increase in the study of the Na(+)/Ca(2+) exchanger due to its implications in physiological and pathophysiological processes at the cell and organ levels. Key areas of these studies have been molecular biology, regulation and physiology-pathophysiology of the exchanger. There are three main types of regulation that take place at the large intracellular loop of the Na(+)/Ca(2+) exchanger: (i) ionic (sodium inactivation, calcium regulation and proton inhibition), (ii) metabolic (ATP as phosphoryl group donor), and (iii) genetic (alternative splicing). This review analyzes the most recent data on the mutual interactions of regulatory ionic ligands (Ca(2+), Na(+), H(+)) and how they are secondarily modulated by MgATP, emphasizing the importance of the binding of Ca(2+) to its regulatory site as an essential requirement for the exchange function. Intracellular protons and sodium inhibit the Na(+)/Ca(2+) exchanger by reducing the apparent affinity of the Ca(i)-regulatory site for Ca(2+). Although the metabolic pathways are different in the mammalian heart (membrane lipids) and squid nerve cells (soluble cytosolic regulatory protein), the final mechanism for the protective effect of MgATP is the same: a reduction of Na(i)(+)-H(i)(+) binding affinities facilitating the attachment of Ca(2+) to its regulatory site. Kinetic models, which partially analyzed some of these ionic and metabolic interactions, can be integrated into a single scheme where the Ca(i)-regulatory site plays a central role.